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Abstract 

A  brief  review  of  energy  use  patterns  in  three  economic  sectors;  namely,  residential,  indus¬ 
trial  and  transport  sectors  is  provided  in  this  paper.  The  transport  sector  is  the  largest  energy¬ 
consuming  sector  in  Thailand,  followed  by  the  industrial  and  residential  sectors,  respectively. 
In  order  to  reduce  both  imported  energy  and  environmental  emissions,  energy  conservation 
programs  would  be  implemented.  This  paper  forecasts  the  growth  in  energy  demand  and  corre¬ 
sponding  emissions  to  the  year  2020  for  those  three  sectors  by  using  a  model  based  on  the 
end-use  approach.  The  energy  savings  from  the  energy  conservation  strategies,  such  as  energy 
efficiency  improvement  and  energy  demand  management,  are  assessed  and  also  the  impli¬ 
cations  on  electricity  generation  expansion  planning  are  examined.  The  integrated  resource 
planning  (IRP)  model  is  used  to  find  the  least-cost  electricity  generation  expansion  plans. 
Energy  conservation  options,  including  energy  efficiency  improvement  programs,  are  intro¬ 
duced  in  the  residential  and  industrial  sectors.  Public  transportation  and  engine  technology 
improvements  are  introduced  in  the  transport  sector.  The  effects  of  energy  conservation  options 
are  analyzed  using  a  scenario-based  approach.  The  results  of  analysis  reveal  that  the  improve¬ 
ment  of  public  transportation  can  reduce  future  energy  requirements  and  C02  emissions  in 
2020  by  635  thousand  ton  of  oil  equivalent  (toe)  and  2024  thousand  ton  of  C02  equivalent, 
respectively.  If  all  options  are  simultaneously  implemented,  the  potential  of  energy  savings 
and  C02  mitigation  in  2020  are  estimated  to  be  1240  thousand  toe  and  3622  thousand  ton  of 
C02  equivalent,  respectively. 
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1.  Introduction 

Almost  50%  of  the  total  commercial  energy  supply  in  Thailand  has  been  imported. 
In  2000,  total  energy  imported  was  39  730  thousand  toe,  an  increase  of  2.0%  over 
the  previous  year  [1].  The  three  economic  sectors,  namely,  transport,  industrial  and 
residential  sectors  are  the  most  energy-consuming  sectors  in  Thailand.  In  2000,  the 
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transport  sector  consumed  18  652  thousand  toe,  accounting  for  38.6%  of  total  final 
energy  consumption,  followed  by  the  industrial  and  residential  sectors,  accounting 
for  34.6%  and  15.4%  of  final  energy  consumption,  respectively.  In  order  to  reduce 
not  only  the  imported  energy  but  also  the  environmental  emissions,  these  three  sec¬ 
tors  would  be  the  main  targets  for  implementing  energy  conservation  programs. 

Due  to  the  shortage  of  fossil  fuel  resources  and  the  awareness  of  the  air  pollution 
problem,  which  is  produced  by  the  use  of  fossil  fuel,  the  Thai  government  has  tried 
to  solve  these  problems.  The  most  popular  conservation  activity  to  reduce  energy 
consumption  is  known  as  the  demand-side  management  or  DSM.  The  DSM  is  also 
viewed  as  one  of  the  most  cost-effective  ways  to  reduce  greenhouse  gases  such  as 
C02  [2].  Firstly,  the  DSM  programs  in  Thailand  were  aimed  at  reducing  electricity 
consumption  of  residential  and  commercial  consumers.  The  program  involves  a  cam¬ 
paign  to  promote  efficient  electric  appliances  such  as  fluorescent  lamps,  refrigerators 
and  air  conditioners.  In  recent  years,  efficient  electric  ballast  and  the  high  efficiency 
electric  motors  could  be  in  the  campaign.  However,  the  efficient  ballasts  and  efficient 
electric  motors  programs  are  not  successful  due  to  their  high  capital  cost.  Presently, 
a  successful  campaign  is  the  labeling  campaign  for  efficient  refrigerators  and  air 
conditioners.  Also,  the  efficient  electric  fans  are  already  involved  in  the  labeling 
campaign  in  2002. 

In  addition,  a  DSM  option  has  been  introduced  in  the  transport  sector.  As  the 
number  of  passenger  cars  (or  sedan  cars)  has  continuously  increased,  the  traffic  in 
the  Bangkok  Metropolitan  area  has  become  heavily  congested.  The  passenger  cars 
in  Bangkok  accounted  for  more  than  50%  of  total  passenger  cars  registered  in  2000 
[3].  In  recent  years,  much  attention  has  been  given  to  congestion  management  stra¬ 
tegies  that  can  be  used  to  alleviate  traffic  problems  and  also  reduce  energy  consump¬ 
tion,  especially  in  the  Bangkok  Metropolitan  area.  Transport  Demand  Management 
(TDM)  strategies  have  long  been  contemplated  as  one  of  the  approaches  to  solving 
congestion  problems.  Since  the  supply  of  transportation  infrastructure  alone  cannot 
solve  congestion  problems,  the  TDM  has  grown  in  popularity  and  acceptance  around 
the  world.  The  TDM  measures  can  be  broadly  classified  into  four  approaches; 
namely,  increasing  vehicle  occupancy,  peak  period  diversion,  route  diversion  to  a 
less  congested  network  and  reducing  overall  demand  in  the  system  [4].  Therefore, 
in  order  to  promote  and  to  stimulate  the  awareness  of  energy  conservation  in  the 
transport  sector,  many  advisory  spots  and  energy  conservation  activities  have  been 
conducted,  such  as  car  pool  and  car  free  day  campaigns.  Those  activities  aimed  at 
increasing  the  number  of  passengers  per  vehicle  and  reducing  overall  energy  demand 
of  the  system.  However,  to  achieve  the  successful  implementation  of  TDM  strategies, 
it  is  important  to  determine  a  priori  the  acceptability  of  specific  strategies.  The  results 
obtained  from  the  study  of  Bhattacharjee  et  al.  [5]  indicate  that  the  commuters 
accepted  public  transportation  improvement  as  the  most  desirable  and  effective  pol¬ 
icy.  The  introduction  of  mass  rapid  rail  transit  was  rated  as  the  best  measure  to 
combat  Bangkok  traffic  problems,  followed  by  the  introduction  of  staff  buses  as  a 
shared-ride  strategy. 

Against  this  background,  the  long-range  energy  alternatives  planning  (LEAP) 
model  is  used  to  analyze  energy  demand  and  environmental  emissions  under  alterna- 
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tive  strategies  in  three  main  economic  sectors,  namely,  transport,  industrial  and  resi¬ 
dential.  In  order  to  evaluate  the  potential  of  energy  conservation  and  emission 
reduction,  especially  C02  emission,  two  scenarios:  business-as-usual  (BAU)  and 
alternative  scenarios,  are  assessed.  In  the  alternative  scenarios,  energy  efficiency 
improvement  in  selected  appliances  is  introduced  in  the  residential  and  industrial 
sectors.  Two  strategies:  public  transportation  improvement  and  engine  technology 
improvement  are  introduced  in  the  transport  sector.  The  period  of  study  starts  in 
2003  and  ends  in  2020,  with  2000  taken  as  the  base  year.  Additionally,  this  paper  also 
examines  the  impact  of  these  strategies  on  the  power  generation  expansion  planning, 
because  the  change  in  electricity  demand  directly  affects  the  selection  of  generation 
technologies  in  the  electricity  generation  plan.  The  integrated  resource  planning  (IRP) 
model,  developed  by  Shrestha  et  al.  [6],  is  used  to  determine  the  least-cost  electricity 
generation  expansion  plan. 


2.  Energy  use  pattern  in  the  transport,  industrial  and  residential  sectors 

The  energy  requirement  can  be  broadly  divided  into  two  categories:  electricity 
and  non-electricity.  The  proportion  of  each  energy  requirement  depends  on  the 
activity  purposes  in  each  sector. 

In  the  transport  sector,  most  of  the  energy  demand  in  2000  was  for  petroleum 
products,  comprising  diesel  53.4%,  gasoline  26.6%,  jet  fuel  15.3%,  fuel  oil  3.7%, 
and  liquefied  petroleum  gas  (LPG)  1.0%,  whereas  a  small  fraction  of  electricity  was 
initially  used  by  sky  trains  [1].  The  road  transport  takes  the  highest  proportion  of  80% 
of  total  energy  consumption.  For  the  vehicles  registered  under  the  Motor  Vehicle  Act, 
motorcycles  accounted  for  as  much  as  66.31%,  while  passenger  cars  (sedan  car)  plus 
microbuses  and  passenger  pickups  and  vans  and  pickups  altogether  accounted  for 
another  28%  [3]. 

The  majority  of  energy  consumed  in  the  industrial  sector  is  based  on  non-elec¬ 
tricity,  comprising  renewable  energy,  petroleum  products,  coal  and  its  products,  and 
natural  gas.  In  2000,  the  share  of  non-electricity  requirement  was  80.0%  of  the  sec¬ 
tors’  final  energy  demand  [1].  The  major  purpose  of  non-electricity  utilization, 
mainly  used  in  boilers  and  furnaces,  is  the  thermal  purpose.  Although  electricity 
consumption  has  not  been  the  largest  proportion  of  energy  consumed  in  this  sector, 
its  share  has  been  increasing  rapidly.  The  share  of  electricity  consumption  accounted 
for  20.0%  of  total  energy  demand  in  this  sector.  The  electric  motor  is  the  major 
electric  equipment  used  in  the  industrial  process. 

In  the  residential  sector,  the  proportion  of  electricity  requirement  was  22.3%  of 
total  energy  consumption  and  the  remaining  proportion  of  non-electricity  demand 
was  77.7%  in  2000  [1].  The  electricity  demand  in  this  sector  has  been  in  electric 
devices,  especially  air  conditioners,  refrigerators  and  lighting.  The  non-electricity 
demand  has  been  primarily  in  cooking  devices  such  as  charcoal  stove,  wood  stove 
and  LPG  cooking  stove.  The  non-electricity  energy  in  this  sector  comprises  renew¬ 
able  energy  such  as  wood,  charcoal,  and  petroleum  products  such  as  LPG. 
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3.  Framework  of  energy  demand  model 

3.1.  The  model  framework 

The  LEAP  model  has  been  developed  by  the  Stockholm  Environment  Institute- 
Boston  (SEI-B)  and  used  to  evaluate  energy  development  policies  [7].  The  central 
concept  of  LEAP  is  an  end-use  driven  scenario  analysis.  Additionally,  the  model 
includes  the  technology  and  environmental  database  (TED)  to  estimate  environmen¬ 
tal  emissions  of  the  energy  utilization.  In  this  study,  the  current  energy  situation  is 
created  in  the  starting  year,  and  a  base  scenario  can  be  developed  assuming  a  contri¬ 
bution  of  current  trends.  This  BAU  scenario  is  called  the  base  case.  Then,  other 
policy  scenarios  with  alternative  assumptions  are  developed  as  an  alternative  case. 
The  LEAP  model  emphasizes  the  detailed  evaluation  of  specific  energy  problems 
within  the  context  of  integrated  energy  and  environmental  planning  for  each  scenario 
or  combination  of  scenarios. 

The  LEAP  framework  is  disaggregated  in  a  hierarchical  tree  structure  of  four 
levels:  sector,  sub-sector,  end-use,  and  device  (see  Fig.  1).  The  model  contains  two 
main  modules:  the  energy  demand  module  and  the  TED  module.  In  the  energy 
demand  module,  the  energy  intensity  values  along  with  the  type  of  fuel  used  in  each 
device  are  required  to  estimate  the  energy  requirements  at  sector,  sub-sector  and 
end-use  level.  The  emission  factors  of  different  pollutants  in  the  TED  module  are 
linked  to  the  device  level  to  appraise  the  environmental  emission  from  the  energy 
utilization  during  the  planning  horizon. 

The  LEAP  model  requires  data  for  at  least  the  base  year  and  any  of  the  future 
years.  Then,  using  the  function  such  as  interpolation  or  extrapolation  or  the  growth 
rate  method,  the  future  energy  demand  and  emissions  are  estimated  for  the  other 
years.  However,  in  this  study  some  parameters,  which  will  be  described  below,  are 
prepared  and  then  input  to  the  model.  Taking  into  account  the  projected  parameters 
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CFL 

(%  share  of  HH) 
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(GDP  in  MS  US) 


—  Food  and  beverages 
(%  share  of  GDP) 

—  Textile 

(%  share  of  GDP) 


— Electric  motor 
(%  share  of  GDP) 
'—Furnace 
(%  share  of  GDP) 


Existing 

(%  share  of  GDP) 
—  High  efficient  — 
(%  share  of  GDP) 


Electricity  (kWh/$US) 
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Existing  Gasoline  (liter/pass-km) 
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(%  share  of  pass-km) 


Notes:  HH  stands  for  household.  FL  stands  for  fluorescent  lamp.  CFL  stands  for  compact  fluorescent  lamp. 

Fig.  1.  Example  of  tree  structure  in  the  energy  demand  module  of  LEAP  model. 
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in  the  LEAP  model,  the  energy  demand  and  their  emissions  are  also  evaluated.  In 
this  study,  the  emission  factors  are  based  on  values  recommended  by  the  Intergovern¬ 
mental  Panel  on  Climate  Change  [8]. 

3.2.  Model  of  energy  demand 

The  model  of  energy  demand  in  each  sector  is  formulated  and  disaggregated  based 
on  the  format  of  the  LEAP  model.  The  historical  data  are  the  secondary  data  collected 
from  several  reports  of  the  government  and  non-government  agencies  such  as  the 
National  Economic  and  Social  Development  Board  (NESDB),  Department  of  Local 
Administration  (DOLA),  National  Statistical  Office  (NSO),  Bangkok  Mass  Transit 
System  Public  Company  Limited  (BTS),  etc.  and  other  research. 

3.2.1.  Transport  sector 

In  the  transport  sector,  only  the  road  transport  is  considered  due  to  its  high  pro¬ 
portion  in  total  consumed  energy  in  the  transport  sector.  The  energy  demand  can  be 
estimated  by  using  the  volume  of  traffic  in  terms  of  vehicle  kilometer.  The  number 
of  vehicles  should  be  projected  and  then  multiplied  with  the  average  distance  per 
year  to  appraise  the  vehicle  kilometers  per  year.  The  energy  demand  in  road  transpor¬ 
tation  is  formulated  as  a  function  of  the  number  of  vehicles,  average  distance,  pro¬ 
portion  of  vehicle  type  and  fuel  economy  or  fuel  efficiency  of  vehicle.  However,  in 
the  LEAP  framework  total  passenger- travel  demand  is  expressed  in  terms  of  passen¬ 
ger-kilometers.  So,  total  travel  demand  in  the  sector  level  is  estimated  as  follows: 

TD,  =  x  A  X  LF;  (1) 

where  TD^  denotes  the  total  travel  demand  in  year  t  expressed  in  passenger-kilomet¬ 
ers  (pass-km),  Vit  denotes  the  number  of  vehicles  i  registered  in  year  t ,  Dt  denotes 
the  average  distance  of  vehicle  i  (km)  and  LF,  denotes  the  load  factor  of  vehicle  i 
or  the  average  number  of  occupants  (passenger/vehicle). 

Generally,  the  number  of  population  per  vehicle  tends  to  decrease  when  a  country 
develops.  In  order  to  estimate  the  number  of  vehicles,  from  the  person-per-vehicle 
point  of  view,  there  should  be  a  lower  limit  of  car  ownership  to  be  incorporated  in 
the  estimated  number  of  vehicles  [9].  The  estimation  can  be  done  with  the  log-limit 
equation  where  the  limit  is  incorporated  in  the  GDP  and  population.  The  number  of 
vehicles  can  be  estimated  by  the  following  equation: 

Vit  =  eK+^xGDPrtxPopP  +  LVf-  (2) 

where  LV,  denotes  the  lower  limit  of  vehicle  type  i,  and  ab  bh  and  ct  denote  the 
coefficients  in  the  model  of  vehicle  i.  Lower  limits  of  each  vehicle  used  in  this  study 
and  comparison  of  model-based  forecast  and  actual  number  of  registered  vehicles 
in  2000  are  presented  in  Tables  1  and  2,  respectively.  The  travel  demand  for  road 
transportation  is  estimated  based  on  Eqs.  (1)  and  (2),  as  shown  in  Table  3. 

In  sub-sector  and  end-use  levels,  the  shares  of  total  passenger  travel  demand  by 
different  areas  and  different  vehicles  are  estimated  based  on  Eq.  (1).  Each  vehicle 
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is  disaggregated  into  existing  technologies  and  alternative  technologies  or  fuels.  The 
energy  intensities  of  vehicle  technologies  under  device  level  are  calculated  based  on 
fuel  economy  and  occupancy,  and  expressed  in  terms  of  liters  per  passenger-kilomet¬ 
er 


EIV;  = 


1 

(FEf  X  LFf) 


where  EIV,  denotes  energy  intensity  of  vehicle  i  (1/pass-km)  and  FE,  denotes  fuel 
economy  of  vehicle  i  expressed  in  vehicle-kilometers  per  liter  (veh-km/1).  The  energy 
intensity  of  vehicle  type  is  estimated  as  presented  in  Table  4. 

In  2000,  the  Bangkok  Mass  Transit  System  (BTS)  or  the  sky  train  has  been  oper¬ 
ated.  Therefore,  the  electricity  demand  for  this  transport  mode  is  considered.  The 
estimation  of  transport  demand  is  based  on  the  load  factor,  average  distance  and 
operating  hours  in  2000  [11]. 


3.2.2.  Industrial  sector 

In  this  study,  the  industrial  sector  can  be  broadly  classified  into  nine  manufacturing 
sub-sectors,  including  food  and  beverages,  textile,  wood  and  furniture,  paper,  chemi¬ 
cal,  non-metalic,  basic  metal,  fabricated  metal,  and  others  (unspecified).  The  energy 
demand  projection  in  the  industrial  sector  is  formulated  as  a  function  of  gross  dom¬ 
estic  product  (GDP),  proportion  of  utilized  energy,  device  efficiency  and  useful 
energy  intensity. 

In  sector  and  sub-sector  levels,  the  historical  data  of  GDP  are  taken  from  the 
NESDB  and  used  to  project  the  future  GDP  by  using  the  average  annual  growth  rate 
of  3%.  The  proportions  of  GDP  in  the  industrial  sub-sectors  are  assumed  to  be  con¬ 
stant  during  time  horizon.  The  proportions  of  energy  utilized  in  end-use  and  device 
levels  are  derived  from  the  energy  consumption  in  2000  [1]  and  are  also  assumed 
to  be  constant  during  the  planning  period,  as  presented  in  Table  5.  The  average 
efficiencies  of  industrial  equipment  are  taken  from  the  energy  audits  reports  of  King 
Mongkut’s  University  of  Thonburi  (KMUTT).  However,  it  is  too  difficult  to  classify 
types  of  devices  with  a  specific  energy  because  of  the  variety  of  devices  and  also 
the  limitation  of  data  in  the  industrial  sector.  So,  it  is  assumed  that  each  type  of 
energy  in  each  manufacturing  sub-sector  is  used  in  a  specific  device.  The  useful 
energy  intensity  is  estimated  by  the  following  equation: 


UEI,  =  2 

t 


(EnU,v  x  rjy 

GDP, 


where  UEIy  denotes  the  energy  intensity  in  industrial  sub-sector  j  (ktoe/106  Baht), 
EnU,  7  denotes  the  energy  type  i  utilized  in  industrial  sub-sector  j  (ktoe),  7]^  denotes 
the  efficiency  of  equipment  using  fuel  type  i  utilized  in  industrial  sub-sector  /,  and 
GDPy  denotes  the  gross  domestic  products  of  industrial  sub-sector  j  (106  Baht).  The 
average  useful  energy  intensity  in  each  sub-sector  is  presented  in  Table  6. 


Table  4 

Fuel  economy  of  the  automotive  technologies  divided  by  types  of  fuel 
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Proportions  of  energy  utilization  in  industrial  sub-sectors 
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Table  6 

Average  useful  energy  intensities  in  industrial  sub-sectors 


Sub-sector 

Average  useful  energy  intensity  (ktoe/106  Baht) 

Food  and  beverages 

0.0213388 

Textile 

0.0052836 

Wood  and  furniture 

0.0100809 

Paper 

0.0185502 

Chemical 

0.0094627 

Non-metalic 

0.0216113 

Basic  metal 

0.0338194 

Fabricated  metal 

0.0225538 

Others 

0.0155091 

3.2.3.  Residential  sector 

Based  on  the  LEAP  framework  and  the  tree  structure  in  the  demand  module  in 
Fig.  1,  the  projection  of  the  number  of  households  over  time  horizon  is  formulated 
as  a  function  of  the  population  and  size  of  households  as  follows: 

H,  -  %  (5) 

where  Ht  denotes  the  number  of  households  in  year  t ,  St  denotes  the  size  of  house¬ 
holds  in  year  t ,  and  Pt  denotes  the  number  of  population  in  year  t.  The  household 
sizes  of  the  projected  population  are  estimated  by  using  the  log-limit  model  [10]. 
The  lower  limit  of  household  sizes  applied  in  this  study  is  three  persons  per  house¬ 
hold.  The  projection  of  number  of  households  is  presented  in  Table  7. 

In  sub-sector  level,  the  proportion  of  the  number  of  households  is  separated  into 
two  major  areas:  urban  (Bangkok  Metropolitan)  and  provincial,  and  estimated  by 
using  Eq.  (5). 

The  proportion  of  end-use  devices  is  disaggregated  into  existing  appliances  and 
high  efficiency  appliances,  which  are  either  in  use  or  are  likely  to  be  introduced  in 
the  future.  The  energy  intensity  of  each  appliance  can  be  formulated  as  a  function 
of  number  of  appliances,  capacity  of  appliances  and  average  usage  hours.  The  aver¬ 
age  number  of  appliances  per  household  and  usage  hours  per  day  are  obtained  from 
the  statistical  data  and  reports  of  the  Department  of  Alternative  Energy  Development 
and  Efficiency  (DEDE),  former  named  the  “Department  of  Energy  Development  and 
Promotion  (DEDP)”  [13].  The  average  capacity  of  conventional  and  high  efficiency 
appliances  is  taken  from  the  public  documents  of  the  DEDE  and  market  survey.  The 
following  equation  is  used  to  estimate  the  average  energy  intensity  of  each  end- 
use  appliance 

El,  =  hr, -Cap, -No,  (6) 

where  El,  denotes  the  energy  intensity  of  appliance  i  (kWh/year*HH),  hr,  denotes 
the  usage  hours  per  year  of  end-use  device  i  (h/year),  Cap,  denotes  the  average 
capacity  of  end-use  device  i  (kW),  No,  denotes  the  average  number  of  end-use  device 
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i  per  household  (unit/HH),  and  HH  denotes  the  household.  The  average  intensity  of 
end-use  appliances  is  presented  in  Table  8. 

3.3.  Scenario  construction  and  assumption  used  in  this  study 

The  LEAP  model  is  implemented  in  three  sectors:  residential,  industrial  and  trans¬ 
port  sectors  to  illustrate  the  effect  of  alternative  strategies  on  energy  utilization  and 
emissions.  The  BAU  scenario  is  constructed  based  on  the  current  trends  in  each 
sector.  In  the  alternative  scenarios,  one  scenario  is  conducted  in  the  residential  and 
industrial  sectors  and  two  scenarios  are  conducted  in  the  transport  sector. 

3.3.1.  Business- as-usual  scenario 

In  the  BAU  scenario,  the  current  trends  of  parameters  in  each  sector  are  assumed 
to  be  increasing  continuously,  as  described  in  the  previous  section.  In  the  transport 
sector,  the  estimated  travel  demand  based  on  the  number  of  vehicles  and  occupancies, 
and  average  distances  are  presented  in  Table  3.  The  average  fuel  economy  of  each 
vehicle  type  is  given  in  Table  4.  In  the  industrial  sector,  the  proportion  of  energy 
utilization  in  industrial  sub-sectors  and  average  useful  energy  intensities  are  shown 
in  Tables  5  and  6.  In  the  residential  sector,  the  projected  number  of  households  and 
average  energy  intensities  of  appliances  are  presented  in  Tables  7  and  8.  In  the  BAU 
scenario,  the  present  efficiency  of  any  appliances  and  technologies,  and  the  pattern 
of  energy  utilization  for  different  appliances  and  technologies  are  unchanged  in  the 
future.  The  ongoing  projects  are  not  implemented.  In  addition,  the  environmental 
emissions  are  also  evaluated  using  TED  of  the  LEAP  model  (see  Table  9). 

3.3.2.  Alternative  scenarios 

3.3.2. 1.  Energy  efficiency  improvement  in  the  residential  and  industrial  sectors  (EEI) 
scenario  This  scenario  considers  the  replacement  of  low  efficiency  appliances  with 
the  high  efficiency  ones  including  both  non-electric  and  electric  appliances.  For  non¬ 
electric  appliances,  the  conventional  wood,  charcoal,  and  LPG  stoves  are  replaced 
by  the  high  efficiency  appliances  with  the  same  replacement  rate  of  20%  of  the 
additional  appliances  in  each  year.  The  non-electric  appliances  are  considered  only 
in  the  residential  sector.  For  electric  appliances,  three  types  of  efficient  appliance 
programs  in  the  residential  sector  are  considered;  namely,  refrigerators,  air  condi¬ 
tioners  and  electric  fans.  The  conventional  refrigerator,  air  conditioner  and  electric 
fan  are  replaced  by  high  efficiency  ones  with  the  replacement  rate  of  50%  of  the 
additional  appliances  in  each  year.  In  addition,  one  type  of  efficient  appliance;  elec¬ 
tric  motors,  is  considered  in  the  industrial  sector.  The  motors  used  in  the  industrial 
sector  can  be  divided  mainly  into  five  groups  corresponding  to  their  capacity;  namely, 
less  than  5  hp,  5-20  hp,  20-50  hp,  50-125  hp,  and  more  than  125  hp.  The  technical 
data  for  conventional  and  energy  efficient  motors  (EEMs),  including  energy 
efficiency  and  annual  operating  hours,  are  based  on  Shrestha  et  al.  [14]  and  NEPO 
[15].  The  replacement  rate  of  the  high  efficiency  motor  is  based  on  the  saving  target 
of  the  DSM  plan.  The  remaining  data  is  the  same  as  in  the  BAU  scenario. 


Table  8 

Energy  intensity  of  the  appliances  used  in  the  residential  sector 
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Source:  Ref.  [7]. 

a  Emission  factors  are  based  on  the  IPCC  (Intergovernmental  Panel  on  Climate  Change)  figures. 
b  Unit  in  ton/TJ  energy  consumed. 
c  TSP  stands  for  total  suspended  particulate. 
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33.2.2.  Public  transportation  improvement  (PTI)  scenario  This  scenario  considers 
the  public  transportation  system,  especially  the  Mass  Rapid  Transit  (MRT)  and  the 
extension  of  BTS.  According  to  the  master  plan  of  Mass  Rapid  Transit  Authority 
(MRT A),  the  first  phase  of  the  MRT  project  will  be  operated  in  2003  with  an  average 
distance  of  14  km.  The  total  distance  of  the  whole  project  is  approximately  80.4 
km,  which  will  be  completed  in  2017  [16].  In  addition,  the  extension  project  of  BTS 
has  been  already  approved.  The  total  distance  of  the  extended  project  is  approxi¬ 
mately  20  km.  There  are  four  assumptions  taken  into  account  in  this  scenario  based 
on  the  plan  of  the  MRTA.  Firstly,  the  working  time  starts  at  5:00  am  and  ends  at 
12:00  pm.  Secondly,  the  commissioning  schedule  of  the  MRT  project  will  be  oper¬ 
ated  on  time  of  the  plan.  Thirdly,  the  number  of  passengers  is  based  on  the  MRTA’s 
study.  Finally,  the  extended  project  of  BTS  will  be  operational  in  2007. 

3.3.23.  Fuel  economy  improvement  (FEI)  scenario  This  scenario  considers  the 
improved  engine  technologies  that  would  reduce  fuel  requirement.  In  recent  years, 
the  efficiency  of  the  automotive  technologies  in  terms  of  fuel  requirement  per  vehicle 
kilometer  has  been  improved,  especially  the  efficiency  of  passenger  cars  and  passen¬ 
ger  pickups.  Two  assumptions  are  taken  into  consideration  in  this  scenario:  (1)  the 
proportion  of  the  efficient  passenger  cars  increases  annually  by  1%  of  the  additional 
passenger  cars  in  each  year,  and  (2)  the  fuel  economy  of  conventional  and  efficient 
automotive  technologies  is  based  on  the  study  of  King  Mongkut’s  Institute  of  Tech¬ 
nology  Thonburi  [12],  as  given  in  Table  4. 


4.  Electricity  generation  expansion  planning 

4.1.  Framework  of  the  IRP  model 

The  electricity  generation  expansion  planning  in  this  study  is  based  on  the  least- 
cost  power  expansion  planning  analysis.  The  IRP  model  is  applied  to  determine  the 
least-cost  electricity  generation  expansion  plans  (see  [6]  for  details  of  the  formulation 
of  the  model).  The  objective  function  of  the  IRP  model  is  the  total  cost  including 
capacity  cost  of  candidate  power  plants,  fuel-cost,  and  also  operating  and  mainte¬ 
nance  costs  of  existing  and  candidate  power  plants.  The  emissions  of  C02,  S02  and 
NO*  are  automatically  calculated  based  on  the  least-cost  fuel  requirement  as  determ¬ 
ined  by  the  IRP  model  by  using  the  emission  factors  provided  by  the  IPCC  [8].  The 
IRP  provides  a  wider  choice  of  resources  to  meet  the  forecasted  demand  at  a  least- 
cost  manner  resulting  in  a  lower  emission  level. 

4.2.  Input  data  and  assumptions 

In  this  analysis,  the  planning  period  starts  in  2003  and  ends  in  2020,  with  2000 
taken  as  the  base  year.  The  data  on  existing  committed  and  candidate  power  plants, 
annual  peak  demand,  load  profile  and  other  related  data  are  based  on  the  Power 
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Development  Plan  [17]  provided  by  the  Electricity  Generating  Authority  of  Thai¬ 
land  (EGAT). 

In  2000,  total  installed  generating  capacity  was  18  951  MW,  including  2886  MW 
of  hydro  power  plants,  6493  MW  of  thermal  power  plants,  5075  MW  of  combined 
cycle  power  plants,  662  MW  of  gas  turbine  and  diesel  engine  power  plants,  and 
3842  MW  purchased  from  other  power  suppliers  [17].  The  annual  peak  demand  is 
obtained  from  the  load  forecast  of  EGAT,  which  supports  information  in  the  period 
of  2003-2011.  The  trend  of  the  load  is  used  to  forecast  the  load  from  2012-2020 
at  a  constant  load  factor  of  0.723  [17].  The  system  load  is  expected  to  increase  from 
18  399  MW  in  2003  to  44  679  MW  in  2020. 

The  candidate  thermal  plants  can  be  classified  into  two  categories:  (1)  conventional 
plants  including  coal-  and  oil-fired  steam  plants,  gas-based  combined-cycle  plants, 
and  diesel  gas-turbine  plants,  and  (2)  renewable-based  plants  including  biomass- 
based  plants  and  solar  power  plants.  The  technical  characteristics  and  cost  data  of 
the  candidate  power  plants  are  presented  in  Table  10. 

4.3.  Descriptions  of  case  studies 

The  generation  expansion  planning  is  divided  into  three  cases:  the  BAU  or  the 
BIRP  case,  the  energy  conservation  or  the  EIRP  case,  and  the  combination  of  energy 
conservation  and  renewable  energy  options  or  the  REIRP  case.  In  the  first  case,  only 
the  supply-side  options  are  considered  in  order  to  meet  the  forecasted  demand  while 
in  the  latter  two  cases  the  reduction  of  demand  due  to  energy  conservation  programs 
is  introduced. 

In  the  BIRP  case,  only  the  conventional  candidate  power  plants  are  considered  to 
meet  the  future  demand.  The  candidate  power  plants  include  coal-  and  oil-fired  steam 
plants,  gas-based  combined-cycle  plants,  and  diesel  gas-turbine  plants.  In  the  EIRP 
case,  the  annual  peak  demand  is  deducted  due  to  the  implementation  of  the  energy 
conservation  programs  in  the  transport,  industrial  and  residential  sectors.  The  supply- 
side  options  in  this  case  consider  only  the  conventional  candidate  plants.  In  the 
REIRP  case,  both  the  renewable  energy  options,  including  biomass  and  solar  energy, 
and  energy  conservation  programs  are  simultaneously  combined. 


5.  Results  and  discussions  on  energy  demand  and  energy  saving 

5.1.  Results  of  the  BAU  scenario 

In  the  BAU  scenario,  results  from  the  LEAP  model  reveal  that  the  total  energy 
demand  is  estimated  to  be  about  39  724  thousand  toe  and  88  319  thousand  toe  in 
2000  and  2020,  respectively,  as  presented  in  Table  11.  The  energy  requirement  in 
2020  is  more  than  two  times  the  energy  demand  in  2000.  In  the  transport  sector, 
which  focused  only  on  the  road  transportation,  the  energy  demand  is  estimated  at 
15  408  thousand  toe  and  48  043  thousand  toe  in  2000  and  2020,  respectively.  In 
2000,  the  requirement  of  diesel  is  estimated  to  be  about  65%  of  the  total  energy 
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Estimated  energy  demand  by  economic  sectors  under  different  scenarios 
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requirement  in  this  sector  and  is  expected  to  decline  to  60%  in  2020.  The  share  of 
LPG  demand  decreases  from  1.35%  to  0.72%,  while  the  share  of  gasoline  is  expected 
to  increase  from  34%  to  39%.  In  the  industrial  sector,  the  projected  demand  increases 
from  16  741  thousand  toe  to  30  236  thousand  toe.  The  projected  energy  requirement 
in  the  residential  sector  increases  from  7575  thousand  toe  in  2000  to  10  040  thousand 
toe  in  2020.  The  proportion  of  electricity  demand  in  this  sector  gradually  increases 
from  23.24%  in  2000  to  32.85%  in  2020.  Although  the  proportions  of  non-electricity 
demand  comprising  charcoal,  fuel  wood  and  LPG  gradually  decreases,  the  LPG 
demand  is  expected  to  increase  from  12.46%  in  2000  to  19.81%  in  2020. 

In  addition,  the  C02  and  other  harmful  emissions  are  estimated  by  using  the  emis¬ 
sion  factors  in  the  TED  of  the  LEAP  model.  The  C02  emissions  in  terms  of  C02 
equivalent  (C02eq)  are  increased  by  132  534  thousand  tons  in  2020  which  is  higher 
than  two  times  the  C02eq  in  2000  (Fig.  2.).  The  NOx  and  S02  emissions  in  2020  are 
estimated  to  be  approximately  631  thousand  tons  and  397  thousand  tons  which  are 
higher  than  those  in  2000  by  approximately  three  times  and  two  times,  respectively 
(see  Table  12). 

5.2.  Scenarios  analysis 

The  EEI  scenario,  which  emphasizes  the  efficiency  improvement  of  electric  and 
non-electric  appliances  in  the  residential  and  industrial  sectors,  can  reduce  not  only 
the  energy  requirement  but  also  the  environmental  emissions.  Results  show  that  an 
overall  energy  saving  and  reduction  of  C02  emissions  in  2020  are  approximately 
107  thousand  toe  and  39  thousand  tons  of  C02eq,  respectively,  when  compared  to 
the  BAU  scenario  (see  Table  11).  The  reduction  of  electricity  demand  is  estimated 
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Fig.  2.  Projection  of  C02  emissions  under  different  scenarios. 
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to  be  18%  of  the  overall  energy  saving  and  82%  for  non-electricity  demand.  Most 
non-electricity  savings  come  from  the  implementation  of  efficient  cooking  stoves  in 
the  residential  sector.  Also,  the  reduction  of  electricity  demand  is  mainly  from  the 
implementation  of  efficient  appliances  in  the  residential  sector  which  accounts  for 
13%  of  the  total  energy  saving. 

The  PTI  scenario,  which  increases  public  transportation  systems,  especially  the 
MRT  and  BTS  projects,  could  further  reduce  energy  requirements  and  environmental 
emissions.  While  the  electricity  requirement  is  increased  by  9  thousand  toe  due  to 
the  extension  of  MRT  and  BTS  projects,  the  gasoline  and  diesel  demand  is  decreased 
by  637  and  7  thousand  toe,  respectively,  in  2020  compared  to  the  BAU  scenario. 
As  a  result,  overall  energy  saving  and  reduction  of  C02  emissions  in  2020  are  esti¬ 
mated  to  be  about  635  thousand  toe  and  2024  thousand  tons  of  C02eq.  In  addition, 
NOv  emission  is  estimated  to  reduce  by  approximately  3.2  thousand  tons  in  2020. 

In  the  FEI  scenario,  which  emphasizes  the  fuel  economy  improvement  in  passen¬ 
ger  cars,  the  gasoline  and  diesel  requirement  could  be  reduced  by  256  and  242  thou¬ 
sand  toe  and  C02  emissions  could  be  mitigated  by  1560  thousand  tons  of  C02eq  in 
2020  compared  to  the  BAU  scenario.  Moreover,  NOx  emission  can  be  reduced  by 
4.3  thousand  tons  in  2020. 

The  results  of  scenarios  show  that  it  is  possible  to  reduce  energy  demand  by 
0.12%,  0.72%  and  0.57%  of  total  energy  consumption  in  2020  through  the  implemen¬ 
tation  of  efficient  appliances  in  the  residential  and  industrial  sectors  (EEI  scenario), 
the  improvement  of  public  transportation  (PTI  scenario)  and  the  increase  in  fuel 
economy  of  passenger  cars  (FEI  scenario),  respectively.  The  corresponding  figures 
in  the  mitigation  of  C02  emission  are  expected  to  be  0.02%,  0.91%  and  0.70%  of 
total  C02eq  in  2020.  If  all  scenarios  are  simultaneously  implemented,  the  potential 
of  energy  saving  and  C02  mitigation  in  2020  are  1241  thousand  toe  and  3623  thou¬ 
sand  tons  C02eq,  respectively.  Also,  NOv  emission  is  mitigated  by  7.5  thousand  tons 
in  2020.  The  mitigation  of  environmental  emission  is  mainly  from  the  reduction  of 
non-electricity  demand. 

6.  Impacts  on  power  generation  expansion  plan 

Results  of  the  least-cost  plans  from  the  IRP  model  reveal  that  the  introduction  of 
the  energy  conservation  programs  and  renewable  energy  options  could  affect  the 
installed  capacity,  energy  generation,  generation  mix  and  environmental  emissions 
e.g.,  C02,  S02  and  NOx  emissions.  Also,  the  total  cost  of  electricity  generation  could 
be  affected  through  these  implementations.  The  reduction  of  electricity  demand 
through  the  energy  conservation  programs  results  in  less  installed  capacity,  electricity 
generation  and  environmental  emissions,  particularly  C02  emission.  The  implemen¬ 
tation  of  renewable  power  plants,  which  is  considered  as  zero  C02  emission,  reduces 
the  share  of  coal-based  generation;  therefore,  the  C02  emission  can  be  reduced  as 
well.  In  addition,  other  emissions  such  as  S02  and  NOx  are  also  diminished.  The 
reduction  of  electricity  generation  reduces  both  the  investment  cost  and  fuel  cost. 
As  a  result,  the  total  costs  including  capital  and  operating  and  maintenance  costs 
would  be  decreased. 
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Table  13 

Generating  capacity  by  plant  types  in  2020 


Case  Generating  capacity  (MW)  Total  capacity 

study  (MW) 


Hydro 

Coal-fired 

Oil-fired 

CC 

GT 

IPP 

Biomass 

BIRP 

2886 

32  900 

2970 

11  900 

168 

5244 

53  182 

EIRP 

2886 

31  900 

3270 

11  900 

268 

5244 

— 

52  582 

REIRP 

2886 

32  500 

2  970 

11  600 

168 

5244 

100 

52  582 

In  the  BIRP  case,  the  total  additional  capacity  and  total  electricity  generation  dur¬ 
ing  the  planning  horizon  are  estimated  to  be  46  846  MW  and  3983  TWh,  respect¬ 
ively.  The  coal-based  plants  take  the  highest  proportion  in  total  installed  capacity 
and  electricity  generation  in  all  cases  followed  by  the  generation  of  the  gas-based 
and  oil-based  plants,  respectively.  In  the  EIRP  case,  the  total  installed  generation 
capacity  is  estimated  to  decrease  by  600  MW,  compared  to  the  BIRP  case,  as  well 
as  in  the  REIRP  case  (see  Table  13).  Also,  the  cumulative  generation  reduction 
through  the  energy  conservation  programs  during  2003-2020  is  evaluated  to  be  about 
38  442  GWh  in  both  the  EIRP  and  REIRP  cases  (see  Table  14). 

The  profile  of  electricity  generation  would  also  change  after  the  implementation 
of  both  the  energy  conservation  programs  and  the  renewable  energy  options.  The 
generation  share  of  coal-based  plants  decreases  from  35.99%  in  the  BIRP  case  to 
35.23%  in  the  EIRP  case  and  to  35.09%  in  the  REIRP  case,  as  presented  in  Table 
14.  In  the  REIRP  case,  approximately  1426  GWh  of  electricity  is  generated  from 
biomass-based  plants,  whereas  no  electricity  is  generated  from  the  solar-energy  plant 
due  to  its  high  capital  cost.  According  to  the  change  in  generation-mix,  the  fuel-mix 
and  fuel  requirement  would  be  different  in  each  case.  Total  fuel  requirement  in  the 
EIRP  and  REIRP  cases  is  estimated  to  be  less  than  that  in  the  BIRP  case  by  8180 
thousand  toe  and  7629  thousand  toe,  respectively. 

The  reduction  in  environmental  emissions  such  as  C02,  S02  and  NOx  emissions 
can  take  place  either  by  the  change  in  electricity  requirements  in  terms  of  generation 


Table  14 

Generation-mix  by  plant  types  during  the  planning  period 


Case  Electricity  generation  (TWh)  Total 

study  (TWh) 


Hydro 

Coal-fired 

Oil-fired 

CC 

GT 

IPP 

Biomass 

BIRP 

75 

1433 

319 

1403 

39 

714 

3983 

EIRP 

75 

1389 

321 

1405 

40 

715 

— 

3945 

REIRP 

75 

1384 

319 

1411 

39 

715 

2 

3945 
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Table  15 

Estimated  emission  during  2003-2020 


Case  study 

C02  (106  ton) 

S02  (103  ton) 

NO,  (103  ton) 

BIRP 

2895 

4774 

10  873 

EIRP 

2857 

4768 

10  751 

REIRP 

2852 

4766 

10  740 

reduction,  which  also  decreases  fuel  requirements,  called  demand-side  effect  or  the 
change  in  electricity  generation-mix  and  fuel-mix,  called  supply-side  effect  [18].  In 
both  EIRP  and  REIRP  scenarios,  the  emissions  can  be  reduced  through  not  only  the 
supply-side  effect  but  also  the  demand-side  effect.  Table  15  presents  cumulative 
C02,  S02  and  NO,  emissions  in  the  planning  horizon.  In  the  EIRP  case,  total  C02 
emission  in  the  planning  horizon  is  found  to  be  less  than  that  in  the  BIRP  case  by 
38  299  thousand  tons.  Also,  in  the  REIRP  case  the  C02  emission  is  estimated  to 
mitigate  by  42  762  thousand  tons  compared  to  the  BIRP  case.  The  C02  emission  in 
the  REIRP  case  can  be  mitigated  higher  than  that  in  the  EIRP  case  when  compared 
to  the  BIRP  case.  This  is  due  to  the  preeminence  of  supply-side  effect.  In  the  REIRP 
case,  the  biomass-based  plants,  which  are  considered  as  net  zero  C02  emission, 
would  be  introduced  and  also  selected  in  the  plan.  Apart  from  the  mitigation  of  C02 
emission,  other  emissions  such  as  S02  and  NOx  emissions  are  also  diminished.  In 
the  EIRP  and  REIRP  cases,  the  cumulative  S02  and  NOx  emissions  during  the  plan¬ 
ning  period  are  estimated  to  mitigate  by  5.60  thousand  tons  and  122.23  thousand 
tons,  and  by  8.20  thousand  tons  and  133.11  thousand  tons,  respectively. 

Total  costs  of  electricity  generation  in  all  cases  are  presented  in  Table  16.  Total 
expenditures,  including  capital  and  operating  and  maintenance  (O&M)  costs  in  the 
EIRP  and  REIRP  cases,  are  evaluated  to  reduce  by  US$  411  million  and  US$  424 
million,  respectively,  compared  to  the  BIRP  case.  Although  the  capital  cost  in  the 
REIRP  case  is  higher  than  the  cost  in  the  EIRP  case,  the  fuel  and  O&M  costs  are 
estimated  to  be  less  than  those  in  the  EIRP  case,  resulting  in  lower  total  costs  of 
electricity  generation  in  the  REIRP  case  (see  Table  16). 


Table  16 

Cumulative  costs  during  the  planning  horizon 


Case  study 

Cost  components  (106  US$) 

LRACa  (cents/kWh) 

Capital 

O&M 

Total  cost 

BIRP 

5940 

37  780 

43  720 

3.32 

EIRP 

5789 

37  520 

43  309 

3.32 

REIRP 

5790 

37  506 

43  296 

3.32 

a  LRAC  stands  for  long  run  average  cost. 
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7.  Conclusions  and  recommendations 

The  assessment  of  energy  demand  along  with  the  environmental  emissions  can 
help  the  energy  planner  to  develop  an  energy  plan  in  a  sustainable  manner.  The 
scenario  analysis  reveals  that  the  implementation  of  public  transportation  systems 
has  a  high  potential  to  reduce  both  energy  requirements  and  C02  emissions,  followed 
by  the  improvement  of  fuel  economy  in  passenger  cars  and  the  energy  efficiency 
improvement  of  appliances.  The  highest  potential  of  energy  savings  and  mitigation 
of  C02  emission  in  2020  are  expected  to  be  1240  thousand  toe  and  3622  thousand 
tons,  respectively,  if  all  strategies  are  simultaneously  implemented.  In  this  study, 
however,  the  penetration  rate  of  efficient  appliances,  especially  efficient  motors  in 
the  industrial  sector,  is  assumed  to  be  at  a  very  low  rate.  Because  most  efficient 
motors  utilized  in  Thai  industrial  sector  have  been  imported  [15],  their  capital  cost 
is  too  high  compared  to  the  conventional  motors.  However,  electric  motors  are  the 
main  electricity-consuming  devices  used  in  the  industrial  sector.  If  efficient  motors 
are  promoted,  the  electricity  consumption  in  this  sector  will  decrease.  In  order  to 
promote  the  efficient  motor,  the  financial  support  should  be  considered  and  others 
barriers  should  be  studied  in  depth. 

Further  study  includes  the  implementation  of  the  energy  conservation  strategies 
and  biomass  utilization  for  reducing  primary  energy  requirement  and  mitigating  C02 
emission  and  other  harmful  emissions  such  as  S02  and  NOx  from  the  power  sector. 
Because  the  reduction  of  electricity  demand  results  in  less  energy  requirement  in  the 
power  generation  which  contribute  to  less  environmental  emissions,  and  the  biomass 
utilization  with  plantation  is  considered  as  net  zero  C02  emission.  Since  Thailand 
is  an  agriculture-based  country,  the  wastes  from  agricultural  activities  such  as  rice 
husk  and  bagasse  can  be  utilized  as  energy  sources  to  produce  both  heat  and  power. 
Therefore,  not  only  the  imported  fossil  energy  but  also  the  environmental  emissions, 
particularly  greenhouse  gas  emission,  can  be  reduced  through  energy  conservation 
activities  and  biomass  utilization. 


Acknowledgements 

The  authors  would  like  to  thank  the  Stockholm  Environmental  Institute  (SEI)  for 
supporting  the  LEAP  model,  Prof.  Ram  M.  Shrestha  from  Asian  Institute  of  Tech¬ 
nology  for  the  support  of  the  IRP  model  and  Mr.  Terry  D.  for  the  English  support 
to  this  paper.  Authors  would  also  gratefully  acknowledge  Sirindhorn  International 
Institute  of  Technology,  Thammasat  University  for  the  partial  support  of  research 
fund.  However,  only  the  authors  are  responsible  for  the  views  expressed  in  the  paper 
and  for  any  errors. 


References 

[1]  Department  of  Energy  Development  and  Promotion.  Thailand  energy  situation  2000.  Ministry  of 
Science,  Technology  and  Environment;  2000. 


S.  Tanatvanit  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  7  (2003)  367-395 


395 


[2]  Ratanopas  S.  Success  of  demand  side  management  program  in  Thailand.  Demand-Side-Management 
Office,  Electricity  Generating  Authority  of  Thailand,  1997. 

[3]  Department  of  Land  Transport.  Number  of  vehicle  registered  in  Thailand.  Ministry  of  Transport  and 
Communications,  Thailand;  2000. 

[4]  Tanaboriboon  Y.  Demand  management.  An  alternative  approach  to  relieve  traffic  congestion  in  the 
developing  countries:  Asian  metropolises  context.  In:  Proceedings  of  the  Japan  Society  of  Civil 
Engineers.  Doboku  Gakkai  Ronbun  Heokokusheu;  1994.  p.  11-9. 

[5]  Bhattacharjee  D,  Haider  SW,  Tanaboriboon  Y,  Sinha  KC.  Commuters’  attitudes  towards  travel 
demand  management  in  Bangkok.  Trans  Policy  1997;4(3):  161-70. 

[6]  Shrestha  RM,  Shrestha  R,  Samarakoon  H.  An  electric  utility  integrated  resource  planning  model, 
energy  program.  Pathumthani,  Thailand:  School  of  Environment,  Resource  and  Development,  Asian 
Institute  of  Technology,  2001. 

[7]  Stockholm  Environment  Institute  (SEI).  Long-range  Energy  Alternative  Planning  System  (LEAP) 
Version  2000,  Stockholm  Environment  Institute,  Boston  Center,  USA;  2001.  Available  from: 
http://www.seib.org. 

[8]  Intergovernmental  Panel  on  Climate  Change  (IPCC).  IPCC  Guideline  for  National  Greenhouse  Gas 
Inventories;  1996.  Available  from:  http://www.ipcc.ch. 

[9]  Tinakorn  P,  Sussangkarn  C.  Analysis  and  forecast  of  registered  motor  vehicles  and  of  car  ownership 
in  Thailand.  Thailand:  Thailand  Development  Research  Institute  (TDRI)  Foundation,  1996. 

[10]  Santisirisomboon  J.  Ph.D.  Thesis,  Sirindhorn  International  Institute  of  Technology,  Thammasat  Uni¬ 
versity,  Thailand;  2001. 

[11]  Bangkok  Mass  Transit  System  (BTS)  site,  www.bts.co.th/faq.htm,  2002. 

[12]  Chanchaona  S,  Suwantragul  B,  Sasivimolphan  S,  Jugjai  S,  Chuntasiriwan  SA.  Study  of  strategies 
for  energy  conservation  in  vehicles.  Department  of  Mechanical  Engineering,  King  Mongkut’s  Uni¬ 
versity  of  Technology  Thonburi  (KMUTT),  1997. 

[13]  Department  of  Energy  Development  and  Promotion  (DEDP).  The  residential  energy  utilization  in 
rural  area.  Produced  by  King  Mongkut’s  University  of  Technology  Thonburi  (KMUTT);  1997. 

[14]  Shrestha  RM,  Khummongkol  P,  Biswas  WK,  Timilsina  GR,  Sinbanchongjit  S.  C02  mitigation  poten¬ 
tial  of  efficient  demand-side  technologies:  the  case  of  Thailand.  Energy  Source  1998;20:301-16. 

[15]  National  Energy  Policy  Office  (NEPO).  Energy  Efficiency  Standards  Regime  Study  (final  report), 
Prepared  by  Environmental  Resources  Management  (ERM),  Thailand;  1999. 

[16]  Mass  Rapid  Transit  Authority  (MRTA)  site,  http://www.mrta.or.th,  2002. 

[17]  Electricity  Generating  Authority  of  Thailand  (EGAT).  EGAT  Power  Development  Plan  Revised  PDP 
99-02,  System  Planning  Department,  Electricity  Generating  Authority  of  Thailand,  Thailand;  2000. 

[18]  Shrestha  RM,  Marpaung  C.  Supply-  and  demand-side  effects  of  power  sector  planning  with  C02 
mitigation  constraints  in  a  developing  country.  Energy  2002;27:271-86. 


